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Introduction

Clinical laboratories routinely use hematology instruments to perform so-called
complete blood counts (CBCs) on patient specimens. About 25 different instruments are
capable of performing blood counts that include differential leukocyte counts.(1) While
the  measurements performed by these instruments in general are quite
accurate and precise, the  measurements may vary from one brand of
instrument to another.

Flagging is defined as “signaling or communicating a message with, or as if with,
a flag.” In the hematology laboratory a flag is the signal to the operator that the analyzed

may have a significant abnormality.  Most of these automated instruments are
programmed in a variety of ways to “flag” or otherwise identify specimens that may

a report is released from the laboratory.(5-8)

among the various instruments as to which abnormalities are flagged as well as the
efficiency of the flagging procedures.

are quantitative flags, which are originally set by the manufacturer but which can be
redefined by the user if desired. But it must be recognized that reference ranges may vary

(9) Therefore, quantitative flagging must take
not to

for both qualitative and quantitative flags to its flagging menu.
To be useful, flagging should have a low false positive rate (e.g., < 10%) coupled

potentially abnormal blood specimens. However, it is recognized that there will be
compromises between false negative and false positive flagging rates that are

which to strive, although not presently attainable.
The ultimate goal is to reduce the number of clinically non-contributory blood

third to one-half of these tedious reviews could be safely eliminated without adversely
affecting patient care.  Of course, in hematology and/or oncology services, it is most
likely that most cases will have more frequent blood film reviews. As a bonus, the

shortened. But there may be a decrease in hospital revenues, which may pose a significant
financial problem. Another potential problem may be the gradual loss of morphologic

become less proficient in this important function.
In our laboratories we began the development of a flagging system by interfacing

(5) With the prototype



system in place, it was found that about one-third of the cases had no significant blood
film review abnormalities and could be reported immediately. These instruments were
later replaced by new analyzers that included acceptable flagging systems.(11) With the
acceptance by the clinical staff over several years, the laboratories were able to reduce the
rate of blood film reviews from 82% to less than 40%.

State of the Art for Flagging

Performance of the most popular hematology instrumentation reveals reasonably
good performance for quantitative abnormalities.(12-16) With time and experience, a
laboratory may safely broaden the flagging limits beyond the narrow limits of the
quantitative reference ranges. So, for example, as confidence builds that the instrument
correctly counts neutrophils in the mildly and moderately abnormal ranges, the film
review may be omitted if this is the only quantitative flag. Also, if a patient’s blood film
has been recently examined and the abnormality is still present, there is no need to repeat
the examination.(8) As an example, patients undergoing cardiopulmonary bypass
procedures frequently are thrombocytopenic and anemic in the immediate post-operative
period. There is no need to re-examine blood films on consecutive specimens if the
quantitative results are mildly abnormal and no marked changes have occurred.

Since the state-of-the-art hematology analyzers are quite acceptable insofar as
quantitative measurements are concerned, there is little to be gained by a supplementary
blood film examination. Thus a great deal of skilled technical effort can be devoted to
other more useful endeavors. The following discussion will therefore concentrate on
clinically meaningful qualitative abnormalities. In this case gender, age or even racial
differences are of lesser importance. As a result the user has much less control over the
qualitative flagging processes, which are proprietary for the most part.

 The flagging performances for qualitative abnormalities have had false positive
rates of up to 30% or more and false negative rates of up to 15%. It is difficult to compare
the various instruments since many of the studies have been done with only one
instrument. These data must be interpreted with caution since many times the case mix of
the study specimens is not well defined or is variable from one study to the other;
therefore, the rates of flagging misses are subject to variation due to the makeup of the
study population rather than variation in instrument performance. Only a few studies have
been published that compare several instruments using the same set of patient
specimens.(17,18

1) Flagging for Qualitative Red Cell Abnormalities
Traditionally, red cell abnormalities have been categorized by the number, size

and variability of the red cells, i.e., the red cell indices. Thus, microcytic, normocytic and
macrocytic anemias as well as polycythemias have been quite adequately identified and
categorized by hematology laboratories for many years. More recently, the determination
of red cell anisocytosis has been measured by the so-called red cell distribution width
(RDW) with some success, and additional categories of anemia have been developed.(19)

In the recent past, there have been efforts to screen for hemoglobinopathies (in addition to
thalassemias) that have shown promise of being useful in the discovery of certain



hemoglobinopathies.  However, this capability has not yet been incorporated into all

Suggested flags for qualitative erythrocyte abnormalities include:
Nucleated red cells in severe anemia, metastatic

(22)

Poorly lysed red cells for hemoglobinopathies
·
· (19)

While the quantitation of platelets has improved considerably in the recent past,

Two additional platelet parameters have been proposed. The first, the mean platelet

younger platelets are thought to be larger than normal. Thus an increase in the MPV has
(23)

often they are detected by analysis of the platelet histogram.
atelet distribution width (PDW), is an

of this measurement is still under investigation.

Studies have confirmed the accuracy and reliability of the total leukocyte count
(12-16)

monocyte differentiation has been problematic; this is probably of relatively minor
(24)

and variant [atypical] lymphocytosis), the instrument correlations with reference

considered to be a shortcoming of the instruments while others take the stance that there

especially surgeons and pediatricians, continue to rely on documenting these leukocyte

bacterial).

· (25,26)

Variant lymphocytes for viral infections or  lymphoproliferative disorders
· (22)

National Committee for Clinical Laboratory Standards (NCCLS) working group with the

differential leukocyte counting standard.



4) Unexpected Changes in Hematologic Parameters
Finally, if there is a significant change (delta check) in any of the patient’s

quantitative or qualitative results even if they have occurred within the flagging limits, a
blood film should be reviewed. For example, if the platelet count drops significantly
within a relatively short period of time (hours or days), there is reason to investigate.
Platelet clumping may account for the fall, but early disseminated intravascular
coagulation might present in a similar way. Delta checking systems are not yet well
developed nor are they yet widely available(29) but should be incorporated into the
flagging procedures in the future.

Quality Assurance Procedures for Flagging

Since the flagging procedure by definition results in the examination of the blood
film either to confirm or to rule out the presence of an abnormality, there is, in fact, an
ongoing quality assurance procedure in place. A comprehensive discussion of quality
assurance strategies for automated hematology analyzers has recently been published.(30)

However, in order to ensure that no significant number of abnormalities are being missed,
a representative sampling of non-flagged specimens should also be examined and records
should be kept of such actions. This will also help to maintain the morphologic expertise
of the laboratory staff. A recent chapter on blood film review outlines a practical yet
comprehensive method for this procedure.(31)

Future Directions

Presently marketed hematology analyzers are capable of utilizing age and/or
gender-specific flagging. While sophisticated laboratory information systems might
include such a feature, as yet few such systems are in place. With continuing advances in
the processing of data within the laboratory, a number of interfacing systems are being
developed that may be able to help with the appropriate processing of the volume of data
generated by the automated hematology analyzers. Some systems may be able to
automatically flag specimens requiring additional study including, as appropriate, a blood
film review by senior technologists and/or the medical director of the hematology
laboratory. Some systems include the on-line evaluation of the data for validity.(32)

We have the opportunity to take advantage of the capabilities of automated
hematology analyzers. If we can properly validate the hematology data and can flag
specimens that need additional evaluation, patient care will be improved (by significantly
shortening turnaround times), the efficiency of the laboratory staff will be enhanced (by
eliminating unneeded or non-contributory blood film studies including differential
counts) and finally the costs for laboratory studies will decrease. In these days of down-
sizing and cost cutting, such innovations have become more difficult to investigate,
develop and implement. Still, we should continue to strive to improve our laboratory
services as well as to decrease costs.

In order to accomplish these worthwhile goals, laboratory and clinical
professionals should continue to learn about the capabilities of the various analyzers and
encourage harmonization of the various flagging systems, including the elimination of



International Council for Standards in Haematology is to develop standards in
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